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[57] ABSTRACT 
A cathode ray tube controller provides character cell 
mapping of the entire cathode ray tube screen, includ 

ing the blanked margins. This mapping permits video 
control signals, such as sync signals, blanking signals, 
retrace signals, etc., as well as character address desig 
nations, to be generated from a single ROM in each of 
the vertical and horizontal directions on the cathode 
ray tube screen. A horizontal character counter divides 
the cathode ray tube screen, including the blanked mar 
gin areas, into an integral number of character widths. 
This counter is used to address a read only member 
which provides, at its output, the horizontal character 
addressing in the non-blanked area of the cathode ray 
tube screen, as well as video control signals, including 
blanking signals, sync signals, etc. A vertical counter, 
similar to the horizontal counter, divides the entire 
cathode ray tube screen vertically, including the 
blanked areas, into a discrete number of character 
heights. its output addresses a read only memory which 
provides both line address signals and vertical video 
control signals, such as sync signals and blanking sig 
nals. The system signi?cantly reduces the amount of 
logic required to generate video control signals and 
addressing signals for the refresh memory. Partial 
screen scrolling is accomplished by duplicating the y 
axis read only memory to effectively animate the video 
screen using plural scroll images. 

27 Claims, 4 Drawing Figures 
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CATHODE RAY TUBE CONTROLLER 

BACKGROUND OF THE INVENTION 

This invention relates to cathode ray tube controllers 
and, more speci?cally, to a circuit for generating video 
control signals, as ‘well as character address signals, for 
providing a cathode ray tube character display. 
Cathode ray tube controllers for the digital control of 

video displays are common in the prior art. In particu 
lar, systems for generating alpha-numeric character 
displays are commonly provided in word processing, 
accounting, communication, and general computer pe 
ripheral applications. 
Because of the need, in generating a cathode ray tube 

video display, to continually and repetitively refresh the 
information written on the display, it is common to 
utilize a writable memory (RAM) having a discrete 
addressable location for each character to be displayed 
on the video screen. Complex systems are provided for 
sequentially addressing this RAM to provide, at the 
output of the .RAM, a sequence of digital words identi 
fying the characters to be visually displayed at succes 
sive character locations on the screen. 
These digital words typically supply the input to a 

character generator read‘ only memory (ROM). This 
character generator ROM is additionally supplied with 
data words which identify the particular raster lines 
within the letter which, at any time, are being scanned 
by the cathode ray gun. In response to these inputs, the 
character generator ROM provides an output word 
identifying the graphical content of each cathode ray 
tube raster line required to generate the identi?ed char 
acters. A shift register, coupled to the output of a char 
acter generator ROM, generates pulse signals, in se 
quence, for controlling the on and off state of the oath 
ode ray gun to graphically reproduce the characters. 
The present invention deals speci?cally with the 

electronic system used for generating the input address 
data words to the refresh RAM and for providing other 
video control signals, such as blanking signals and sync 
signals. ‘ 

In the prior art, these address and video control sig 
nals have typically been provided by a pair of horizon~ 
tal counters and a pair of vertical counters. The ?rst 
counter in the horizontal pair has been used to provide 
video control signals, such as horizontal sync signals 
and blanking signals. This ?rst counter counts a system 
clock, to whatever counting base is needed, based on 
the clock rate, to produce a horizontal sync signal when 
the counter is full. The counter thus repetitively counts 
until full, generates a horizontal sync signal, and then 
repeats the count. ‘ 

The second horizontal counter is slaved to the ?rst, 
so that, when the ?rst counter generates a count indicat 
ing that the blanked margin on the left-hand side of the 
screen has been traced, the second counter beings its 
count. This second counter typically includes one count 
for each character space in the portion of the screen 
actually to be ?lled with character information. The 
second counter thus ?nishes its count at the location of 
the right-hand margin on the screen, and the ?rst hori 
zontal counter continues its count until retrace occurs at 
the horizontal sync point. i ‘ 

The vertical counter pair operates in a similar man 
ner, with the ?rst vertical counter providing video 
control signals, such as the vertical sync signal, and the 
second counter, slaved to the ?rst, counting actual char 
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2 
acter line locations in the non-blanked vertical portion 
of the cathode ray tube screen. The ?rst vertical 
counter is slaved to the sync output of the ?rst horizon 
tal counter, since the ?rst horizontal counter provides 
one sync output for each raster line. The ?rst vertical 
counter thus counts raster lines throughout the entire 
vertical dimension of the cathode ray tube screen. 
The second horizontal counter and second vertical 

counter provide it and y data matrix address information 
to de?ne cells for the characters to be displayed on the 
screen. In order to linearize this data, for storage in a 
one-dimensional refresh RAM, the prior art has com 
monly utilized a ROM as a translator for the output of 
the second vertical counter. If the second horizontal 
counter counted an even binary multiple of horizontal 
character widths, across the non-blanked portion of the 
cathode ray tube screen, this ROM would not be neces 
sary, since the horizontal and vertical address outputs 
could be concatenated to provide a discrete address for 
the refresh RAM without leaving gaps within the re 
fresh ROM between horizontal lines. 

Since an BO-character width line is common, how 
ever, and since the numeral 80 is not an integral binary 
multiple, the translating ROM provides base addresses, 
with each successive base address offset from the previ 
ous base address, in binary form, by 80. This permits the 
output of the translating ROM and the second horizon 
tal counter to be added, the sum providing the address 
for the refresh RAM. 
The counter chains required by the prior art systems 

described above, and particularly the ?rst horizontal 
counter and the ?rst vertical counter, incorporate a 
large amount of digital logic circuitry which makes the 
systems relatively expensive and decreases their reliabil 
ity. 

Furthermore, these prior art systems present extreme 
problems when partial screen scrolling is to be accom 
plished. From the above description, it will be under 
stood that, by simply loading an offset into the second 
vertical counter, and by periodically increasing that 
offset, the entire screen display can be vertically 
scrolled‘. Such scrolling is desirable, for example, when 
the screen is ?lled and additional lines are added by an 
operator. 

It has been found advantageous in the prior art to 
scroll most of the character lines on the screen while 
holding some character lines stationary, such as, for 
example, a base line providing margin information, etc. 
The prior art systems were able to provide such partial 
scrolling with stationary screen portions, during scroll 
ing, only through the use of expensive and complex 
digital logic networks, further substantially adding to 
the cost of prior art systems. 

SUMMARY OF THE INVENTION 

The present invention alleviates these and other prob 
lems associated with the prior art by effectively charac 
ter mapping the entire cathode ray tube screen. Thus, 
while only a portion of the screen will actually be ?lled 
with characters, the character mapping in the border 
regions allows all of the video control signals, as well as 
the refresh RAM address signals, to be generated from 
a counter driven ROM in each of the horizontal and 
vertical directions. Since the vertical ROM can also 
provide the base address translation, the prior art ?rst 
vertical counter is eliminated altogether. Furthermore, 
since the x and y counters, which drive the ROM in the 
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present invention, count only character divisions on the 
screen, relatively simple and inexpensive counter 
chains, similar in size and cost to the second horizontal 
counter and second vertical counter of the prior art, 
may be utilized. Thus, the present invention signi? 
cantly reduces the logic required for refresh RAM ad 
dressing. In addition, since the single horizontal and 
vertical ROM are also used for providing video control 
signals, the system complexity is signi?cantly reduced, 
without any degradation in system performance. In 
fact, system performance, in many instances, is actually 
increased, since the ability to read video control signals 
out of a ROM permits extremely ?exible video control. 
The present invention also provides a simpli?ed cir 

cuit for partial video screen scrolling. It is often advan 
tageous to scroll the horizontal lines of the screen to 
permit additional lines to be added, for example, when 
the screen is full. The present invention effectively 
permits animation of the screen in the vertical direction 
by enlarging the size of the vertical ROM to provide 
multiple screen image translations, each translation pro 
viding offset base addresses for the lines to be scrolled. 
This extremely simple solution to the scrolling problem 
allows any grouping of lines to be scrolled and any 
grouping, as desired, to be held stationary. In fact, the 
ROM used in this fashion allows virtually limitless ?exi 
bility in rearranging displayed material on the cathode 
ray tube screen. 
Replacement of the vertical ROM with a RAM per 

mits reduction in the size of this memory and even 
greater ?exibility in display arrangement. 

DESCRIPTION OF THE DRAWINGS 

These and other advantages of the present invention 
are best understood through reference to the drawings, 
in which: 
FIG. 1 is a block diagram schematic of the cathode 

ray tube controller of the present invention; 
FIG. 2 is a graphic representation of the cathode ray 

tube screen and the method of character mapping of this 
screen according to the present invention; 
FIG. 3 is a graphic representation of the manner in 

which characters are displayed on the screen of FIG. 2 
and showing, additionally, the data words and signal 
patterns provided by the character generator ROM and 
shift register, respectively, for generating these charac 
ters; and 
FIG. 4 is a block diagram schematic of an alternate 

embodiment, showing the manner in which a RAM 
replaces the vertical ROM of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring initially to FIG. 1, a cathode ray tube 11 is 
connected to a video electronics driving circuit 13. 
Both of these devices 11, 13 are well known in the art, 
and the use of a plurality of video control signals on line 
15 and picture information signals on line 17 for the 
video electronics 13 is also well known. The video 
control signals 15 provide horizontal synchronization, 
vertical synchronization, other timing signals, blanking 
signals, etc., for the video electronics 13. The input 17 
provides the information for controlling the z axis of a 
CRT 11, that is, the voltage on the cathode ray tube 
gun. Thus, the input 15 effectively synchronizes and 
controls the horizontal and vertical de?ection of the 
cathode ray tube 11 while the input 17 provides the 
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4 
necessary information for producing graphics on the 
screen 11. . 

When the cathode ray tube 11 is to be used as a char 
acter generator, the use of a refresh RAM 19, a charac 
ter generator ROM 21, a shift register 23, and a video 
control circuit 25, in combination to form the input 17, 
is also well known. Nonetheless, these elements 19 
through 25 will be brie?y described, since an under 
standing of their operation is helpful in understanding 
the present invention. 
FIG. 2 shows the screen 27 of the cathode ray tube 11 

of FIG. 1. As was common in the prior art, a central 
portion 29 of the screen 27 actually displays characters, 
while right and left hand margins 31 and 33 and top and 
bottom margins 35 and 37 are provided surrounding the 
image area 29. 

It is common to provide a horizontal blanking signal, 
such as the signal 39, to blank the cathode ray gun at the 
margins 31, 33. A vertical blanking signal 41 is also 
commonly used, this signal providing control for blank 
ing the cathode ray gun in the margin areas 35, 37. 
Image display cathode ray tubes typically do not 

provide interlaced raster lines. and thus the beam from 
the cathode ray gun will scan across a substantially 
horizontal line from left to right in FIG. 2 until it 
reaches the extreme right-hand side of the screen 27, at 
which time a horizontal sync signal, shown at 43, trig 
gers a retrace. Thus, the scanning gun immediately ?ies 
back to the left-hand margin to begin the next horizon 
tal trace, displaced slightly below the previous horizon 
tal trace. In this way, the entire screen 27 is scanned by 
the cathode ray gun through a rapid succession of raster 
lines. When the cathode ray gun reaches the lower 
extremity of the screen 27, a vertical sync signal 45 
generates a vertical retrace, causing the cathode ray 
gun to again initiate a ?rst horizontal raster line at the 
top of the screen 27. 

In the prior art, it has been common to divide the 
image area 29, horizontally and vertically, into charac 
ter cells. In the present invention, the entire screen 27 is 
divided into character cells. Thus, a plurality of hori 
zontal character cell divisions 47 and 49 are shown in 
FIG. 2. It will be understood that these divisions 47, 49 
are not actually represented on the screen 27, but pro 
vide a graphical indication that the entire width of the 
screen 27 is divided into character locations 47, 49. 
Similarly, in the prior art, it was common to divide the 
image area 29 vertically into character lines. In the 
present invention, as graphically depicted at 51 and 53, 
the entire vertical dimension of the screen 27 is divided 
into character lines 51, 53. 
From the preceding description, assuming that both 

the horizontal character divisions 47, 49 and the vertical 
character lines 51, 53 are individually numbered or 
identi?ed, the entire screen 27 is mapped by horizontal 
character location and vertical line location. In the 
example shown in FIG. 2, eighty horizontal character 
locations exist within the image area 29, as a part of one 
hundred horizontal character locations on the screen 
27. Likewise, twenty-three vertical line locations within 
the image area 29 form a part of twenty-seven vertical 
line locations within the screen 27. 
As will be understood from the description which 

follows, the character cell mapping of the entire screen 
27 provides a unique advantage in the present invention 
in that it permits a single read only memory to generate 
not only addressing signals for the image area 29, but 
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also video control signals, both within the image area 29 
and in the margin areas 31 through 37. 

Character cells, de?ned by the horizontal character 
spaces 47, 49, and vertical line spaces 51, 53, are desig 
nated 55 in FIG. 2. In the exemplary embodiment, de 
scribed below, each of these character cells 55 will 
provide a single character within the image area 29, as 
well as the space surrounding such characters. It will be 
understood that in non-character generator embodi 
ments, for example, graphic displays may ?ll the entire 
character cell 55, so that contiguous graphics may be 
displayed in the image area 29. 

Referring now to FIG. 3, a small portion within the 
image area 27 is depicted, along with graphic represen 
tation of digital signals provided by the circuit of FIG. 
1, to provide an understanding of the manner in which 
the graphics are generated on the screen 27. 
The refresh RAM 19 of FIG. 1 includes an address 

able data location for each and every character cell 55 
within the image area 29 of the screen 27. Thus, in the 
graphic representation of FIG. 3, when the refresh 
RAM is provided with binary address 1, it will provide, 
at its output, the alpha-numeric character designation in 
ASCII code of the letter to be graphically depicted at 
the ?rst character cell 55 in the ?rst character line 51. In 
the graphic representation of FIG. 3, this code is shown 
as the letter A. Similarly, binary codes 2 and 3, etc., are 
shown storing the ASCII code equivalents for the let 
ters B, C, etc. The refresh RAM is addressed by a write 
signal 59 (FIG. 1) to write ASCII codes in each of the 
character cells in order to provide intelligible graphics 
for the screen 27. 
The refresh RAM is addressed in succession, in the 

manner to be described below, so that the ASCII codes, 
shown in FIG. 3, are output, in succession, to the char 
acter generator ROM 21. A raster line number input is 
also provided on line 61 in FIG. 1 to the character 
generator ROM 21. In response to these two address 
inputs, the character generator ROM 21 will provide, at 
its output, a binary word de?ning the graphics for the 
individual alpha-numeric characters according to the 
raster line being displayed at any time. Thus, as shown 
in FIG. 3, the character generator ROM is addressed 
with a binary word which includes the ASCII code for 
the letter in the most signi?cant bits and the raster line 
number in the least signi?cant bits. In response to this 
combined address, the character generator will provide 
a data word. For example, the data word for the ?rst 
raster line of the letter A is 0,0,l,l,l,0,0,0,0,0. 
When this ?rst horizontal sweep across the screen 27 

(FIG. 1) has been completed and the next successive 
raster line is being traced through the letter A, the re 
fresh RAM 19 and raster line 61 inputs will provide the 
second address, shown in FIG. 3, such that the charac 
ter generator ROM will output the data word 
0, l,0,0,0, l,0,0,0,0. 
These output data words from the character genera 

tor ROM 21 are supplied to a shift generator 23 which 
provides an output bit stream in accordance with the 
data word. Thus, the two bit streams shown in FIG. 3 
provide the ?rst and second raster line graphics of the 
letters A, B, C, in three sequential character locations 
on screen 27. It will be seen, through an examination of 
the character generator storage and shift generator 
output of FIG. 3, that the bit streams of the character 
generator output may be provided by simply shifting 
the output word for each raster line from the character 
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6 
generator read only memory 21 through the shift regis 
ter 23. 
FIG. 3 also shows four character cells 55a, 55b, 55c, 

and 55d, within the image area 29 (FIG. 1). The ?rst 
three of these cells, 55a-55c, are on a ?rst character line 
51 (FIG. 1), while the last cell 55d is on the next succes 
sive character line 51. The cells 55a, 55b, 55c are in 
successive character locations 47 (FIG. 1). The shift 
register output of FIG. 3 is supplied to the video control 
25 of FIG. 1 to turn the cathode ray gun on and off in 
the sequence shown by the waveform to generate the 
?rst and second raster lines of the letters A, B, and C in 
the character cells 55a, 55b, and 55c. 
From this description, it will be understood that the 

refresh RAM is loaded with the characters which are to 
be displayed in the image area 29, in succession, by 
horizontal character designation and vertical line desig 
nation. When these ASCII codes are provided to the 
character generator ROM 21 along with an identi?ca 
tion, through line 61, of the raster line being traced, the 
video control 25 can control the cathode ray gun to 
alternately energize and de-energize to generate the 
character graphics, shown in FIG. 3. 
The circuit and graphics, thus far described, is gener 

ally well known in the prior art. The present invention 
involves the manner in which the address for the refresh 
RAM 59, the address 61 for the character generator 
ROM, and the video control signals 15 are generated. 

Referring to FIG. 1, a horizontal counter 63 counts 
the output pulses from a clock signal generator 65. The 
counter 63 has a counting base equal to the entire num 
ber of character widths 47, 49, across the screen 27 
(FIG. 2). Thus, in the example given, the horizontal 
counter 63 has a counting base of 100, and the rate of the 
clock 65 is selected to provide 100 output pulses for 
each horizontal raster line period for the cathode ray 
tube 11. It will be understood that the number 100 is not 
an even binary multiple. The counter 63 is a binary 
counter which, nevertheless, counts to this counting 
base without additional logic. Such additional logic 
would typically be required in the prior art to sense the 
binary number lOO and reset the counter 63. The pres 
ent invention, however, accomplishes this function by 
connecting the over?ow line 65 from the counter 63, 
which provides a digital pulse when the counter 63 is 
full, to a series of loading inputs 67 provided on the 
counter 63. This connection loads, in parallel, a digital 
starting number into the counter 63 when the counter 
over?ows. The digital number provided by the load 
lines 67 is the two’s compliment of the counting base, 
that is, the number 100. Thus, for example, if the 
counter 63 has a total binary count of 0 through 127, the 
two’s compliment of the number 100 is the binary num 
ber 28. Thus, at over?ow, the counter 63 will be loaded 
with the binary number 28, and will count from the 
binary number 28 to the binary number 127, or 100 
counts, when it again over?ows. 
While it will be recognized that these output counts 

from the horizontal counter 63 are not satisfactory for 
addressing the refresh RAM 59, they do provide 100 
successive binary words from a simple binary counter 
without additional logic. 

In order to provide a proper set of binary numbers, 
beginning at zero, for addressing the RAM 59, a hori 
zontal read only memory 69 is connected to the output 
of the horizontal counter 63. As will be seen from the 
following description, this ROM 69 not only provides 
the proper addresses for the character cells 55 (FIG. 2), 
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but also provides the video control signals 15, required 
by the video electronics 13. This unique feature is possi 
ble because the entire video screen 27 of FIG. 2, includ 
ing the margin areas 31, 33, is divided into horizontal 
character cells 47, 49 by the counter 63. 
A series of bits 71 of the output words from the ROM 

69 provide character address locations in the image area 
29 in the horizontal direction. Thus, in the example 
given, when the counter 63, starting at a loaded count of 
28, counts to 38, the lO-character wide margin 33 has 
been scanned by the cathode ray gun. When the counter 
63 addresses the ROM 69 with address 38, the output 
word from the ROM 69 will provide the count of 0 in 
the address bits 71. Likewise, at count 39, the bit 71 will 
provide an output address 1. This process continues 
until the counter has reached a count of 117, the begin 
ning of the right-hand margin 31 of the screen 27, at 
which point the horizontal address bit 71 will have 
counted 80 actual character locations within the image 
area 29. 
A second group of bits 73 in the output words from 

the ROM 69 provides video control signals 15. Thus, 
for example, one of these bits may provide blanking 
signals 39 for the video control input 15 to the video 
electronics 13. The blanking bit will be a zero for all 
ROM 69 locations within the image ?eld 29, but will be 
a one when the ROM 69 is addressed by the counter 63 
with addresses 28 through 37 and 118 through 127, 
providing a continuous blanking signal 39 in the mar 
gins 33 and 31, respectively. In a similar manner, at 
count 127 of the counter 63, that is, at the end of the 
horizontal trace, a bit in the bit group 73 may provide 
the horizontal sync 43 signal to the video control line 
15. The bit group 73 may include other control signals, 
such as, for example, those required to allow writing of 
the refresh RAM 69 during the retrace period, that is, 
when the cathode ray gun is sweeping the margins 31, 
33. 
The overload output 65 from the counter 63 also 

provides input pulses to a divider 75. Since, as shown in 
FIG. 3, 15 raster lines comprise each vertical character 
line 51, 53 of FIG. 2, the divider 75 divides this pulse 
train by 15, typically by counting to 15 and resetting 
repeatedly. 
When the divider 75 resets, a pulse is provided on an 

input line 77 to a vertical counter 79. This counter 79 is 
provided with an overflow line 81, similar to the output 
65 of the counter 63, which provides a pulse to loading 
inputs 83 to start the counter 79 at the two’s compliment 
of 27, the total number of vertical character line posi 
tions 51, 53 in the screen 27 (FIG. 2). Through this 
technique, the counter 79 can be forced to count any 
counting base, in this instance, base 27, as required in 
the example. 

In a manner identical to that described for the hori 
zontal counter 63 and ROM 69, the counter 79 ad 
dresses a vertical ROM 85 to provide output data 
words, including vertical address bits 87 and vertical 
video control bits 89. The control bits 89 will include, 
for example, a blanking bit for providing the blanking 
signal 41, when the address from the counter 79 indi 
cates that the cathode ray gun is scanning the upper and 
lower margin areas 35, 37. Likewise, when the counter 
79 over?ows, a bit in the video control ?eld 89 will 
provide a vertical sync signal 45 to cause the video 
electronics 13 to vertically retrace the cathode ray gun. 

It is important to note that, since there are 80 horizon 
tal character spaces 47, 49 (FIG. 2), within the image 
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area 29, and because 80 is not an even binary multiple, 
the output address bits 71 cannot be simply concate 
nated with vertical address base numbers provided from 
the bits 87 to provide sequential binary addresses which 
would completely ?ll the refresh RAM 59. For this 
reason, the vertical address bit ?eld 87 provided by the 
ROM 85, will provide base addresses which can be 
added, rather than concatenated, to the bit ?eld 71 in a 
binary adder 91 to provide successive binary addresses. 

Thus, for example, in the 80 horizontal character ?eld 
case, the vertical ROM 85 will provide, in hit ?eld 87, 
the binary number zero to identify the upper-most hori 
zontal character line within the image area 29. The next 
sequential number provided by the bit ?eld 87 for the 
second horizontal character line, will be the binary 
number 80, the next will be 160, etc. It will be seen that 
these numbers, when added to the horizontal address bit 
?eld 71, will provide unique, successive addresses for 
each character cell 55 within the image area 29. 

In the example of FIG. 1, if the counter 79 is a 5-bit 
binary counter, loaded with the two’s compliment of 27, 
it will be loaded by the load line 83 with the binary 
number 5. Since two character line bits are required for 
the upper margin 35, when the binary counter 79 out 
puts the binary count 7, the vertical ROM 85 will gener 
ate, in the bit ?eld 87, the binary number zero. When the 
counter 79 generates address 8, the ROM 85 will gener 
ate, in the bit ?eld 87, the binary number 80. Likewise, 
at address 9, the bit ?eld 87 will generate the binary 
number 160, etc. These numbers, when added to the 
successive binary numbers in the bit ?eld 71, will gener 
ate contiguous successive addresses at the output of the 
adder 91 for the refresh RAM 59, one such address 
identifying each character cell 55 within the image area 
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From this description, it can be seen that, through 
very simple logic, including a pair of counters, a pair of 
read only memories, a clock, and a divider circuit, all of 
the addressing for the refresh RAM 59 and all of the 
required video control signals for the video electronics 
13, are provided. 

In addition, the divider 15 provides a count output on 
a line 93 which generates the raster line number input 
61, previously described, for the character generator 
ROM 21. Thus, for each vertical character line, the 
divider 75 will count from one to ?fteen to identify the 
individual raster lines, so that the character generator 
ROM 21 can provide the shift register 23 with the 
proper data word to generate the graphics of FIG. 3. 
The present invention provides an additional unique 

feature, in that it permits easy scrolling of a portion of 
the video graphics, while permitting a second portion to 
remain stationary. For example, referring to FIG. 2, it is 
often useful to hold the twenty-third line, identi?ed as 
95, of the image display stationary, while the remaining 
22 lines are vertically scrolled. Such a display would be 
convenient for providing a stationary margin or tab 
display at the bottom of the scrolling image ?eld 29. 
While, in the prior art, such displays have required 
complex logic, the present invention provides this fea 
ture through a simple enlargement of the vertical read 
only memory 85. 
As previously explained, the vertical ROM 85, in the 

initial example, included at least 27 addressable loca 
tions to generate 27 unique character line addresses 5], 
53 (FIG. 2). In fact, this read only memory, being a 
binary device, will have 32 addressable locations. If the 
image area 29 of FIG. 2 is considered an animation ?eld, 
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a_ ?rst animation image will‘ be provided with the verti 
cal lines properly numbered from 1 through 23 in the 
image area 29. A second animation image could begin 
with line 22, followed by lines 1 through 21, and ?nally 
line 23. A third such animation image could begin with 
lines 21 and 22, followed by lines 1 through 20, followed 
by line 23. If these animation images are continued, it 
will be seen that lines 1 through 22 are effectively 
scrolled in the image area 29, with line 23 remaining 
stationary as is desired. 

In order to accomplish this, the read only memory 85 
is simply increased in size, to include 22 times as many 
addressable locations, or at least 32 times 22 addressable 
locations. The ?rst 32 addressable locations will pro 
vide vertical output address bit ?elds 87 for the normal 
array, that is, lines 1 through 23, in proper order, as 
described in the ?rst example. The second group of 32 
addressable locations will provide the second animation 
image ?eld when addressed in their normal order. Thus, 
address number count 40 (counter 79 loaded at 5, plus 
two margin counts, plus 32 count offset), will provide 
the output base address bit ?eld 87 for line 22, while the 
next address location 41 will provide the bit ?eld for 
line 1, etc. a 

In order to permit the counter 79 to address any one 
of these image ?elds, a scroll counter 97 provides base 
addresses or offsets which are concatenated with the 
output of the counter 79. The bits from the scroll 
counter 97 provide the most signi?cant bits in the con 
catenation. Thus, when the scroll counter 97 outputs a 
count zero, the ?rst image ?eld will be addressed in the 
vertical ROM 85. When the scroll counter 97 produces 
output count 1, the successive output counts from the 
counter 79 will address the second 32-word ?eld within 
the vertical ROM 85, generating the second image ?eld 
on the screen 27. 
From this description, it will be seen that virtually 

any arrangement of vertical lines 51, 53 within the 
image area 29 can be provided by the read only memory 
85, allowing, through animation, partial scrolling, ?eld 
inversion, etc., as the designer wishes. In each case, the 
image ?eld presented is determined by the output count 
from the scroll counter 97. It will be understood that the 
computer, or other system driving the display, will 
provide a scroll command signal 98 to increment the 
counter 97. 
FIG. 4 shows a portion of the circuit of FIG. 1, al 

tered to provide a further re?nement of this scrolling 
technique. The remainder of the circuit is identical to 
FIG. 1. In this embodiment, instead of the vertical 
ROM 85, a vertical RAM 99 is provided to generate the 
output vertical base address bit ?eld 87 for the adder 91. 
An image logic network 101 can be used to write ad 
dressable words in the vertical RAM 99 to provide 
virtually any vertical line arrangement which may be 
desired. Thus, if scrolling, as previously described were 
desired, instead of the large ROM 85, described in the 
previous example, a 32-location RAM 99 may be used. 
This RAM 99, in that example, is loaded by the image 
logic 101 with the successive address ?elds provided by 
the ROM 85 for each successive image ?eld. Thus, the 
RAM 99 is simply loaded with the new addressable 
word ?eld by the image logic 101 before each scrolling 
step. Use of the RAM 99 provides virtually limitless 
image arrangements on the screen 27. 
From the preceding description, it can be seen that 

the present invention provides a low cost, relatively 
simple CRT controller, particularly adapted to graphic 
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character displays, which utilizes counters 63 and 79 to 
identify, by character cell 55, the entire screen 27. This 
permits a pair of read only memories 69 and 85 or a read 
only memory 65 and RAM memory 99 to provide not 
only the necessary address words for the refresh RAM 
59, but also the input video control signals 15, required 
by the video electronics 13. In addition, by duplication 
of the vertical ROM memory 85 and a scroll counter 97, 
partial scrolling of the image ?eld or other vertical 
image patterns can be generated. Such scrolling is also 
generated with virtually limitless ?exibility by replac 
ing the vertical ROM 85 and scroll counter 97 with a 
vertical RAM 99 and image logic 101 for loading the 
RAM 99. 
What is claimed is: 
1. A circuit for generating addressing signals for a 

refresh memory in a CRT display, as well as video 
control signals for said CRT display, comprising: 

a counter synchronized to the sweep rate of the cath 
ode ray gun of said CRT for generating count 
signals; and 

a memory, addressed by said count signals, for pro 
viding output data words de?ning said refresh 
memory addressing signals and said video control 
signals. 

2. A circuit for generating addressing signals, as de 
?ned in claim 1, wherein said counter is synchronized to 
the horizontal sweep rate of said cathode ray gun. 

3. A circuit for generating addressing signals, as de 
?ned in claim 2, additionally comprising: 

a second counter synchronized to the vertical sweep 
rate of said cathode ray gun of said CRT for gener 
ating second count signals; and 

a second memory addressed by said second count 
signals for providing second output data words 
defining said refresh memory addressing signals 
and said video control signals. 

4. A circuit for generating addressing signals, as de 
?ned in ‘claim 3, additionally comprising: 

an adder connected to add said output data words to 
said second output data words, said adder generat 
ing a sum signal for addressing said refresh mem 
ory. 

5. A circuit for generating addressing signals, as de 
fined in claim 4, wherein said memory and said second 
memory are read only memories. 

6. A circuit for generating addressing signals, as de 
?ned in claim 5, additionally comprising: 
means for incrementing said second counter in re 

sponse to resetting of said counter. 
7. A circuit for generating addressing signals, as de 

?ned in claim 6, wherein said memory output data 
words are repeatedly sequenced through a counting 
base and wherein said second memory output data 
words are each separated from the next sequential out 
put data word by an amount equal to said counting base. 

8. A circuit for generating addressing signals, as de 
?ned in claim 3, wherein said memory comprises a read 
only memory and said second memory comprises a 
writable memory. 

9. A circuit for generating addressing signals, as de 
?ned in claim 1, wherein said counter comprises: 
means for generating an output over?ow signal when 

said counter over?ows; and 
means responsive to said over?ow signal for starting 

said counter at the two's compliment of the number 
of character widths on the screen of said CRT 
display. 
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10. A circuit for generating addressing signals, as 
de?ned in claim 1, wherein said counter includes means 
for providing an over?ow signal, said circuit addition 
ally comprising: 

a divider responsive to said over?ow signal for gener 
ating raster line counts for said refresh memory. 

11. A circuit for generating addressing signals, as 
de?ned in claim 1, wherein said counter counts on a 
counting base equal to the number of character widths 
across the entire screen of said CRT display, said circuit 
additionally comprising: 
means for starting said counter at a value equal to the 

two's compliment of said number of character 
widths. 

12. A circuit for generating addressing signals, as 
de?ned in claim 1, additionally comprising: 
means for adjusting said refresh memory addressing 

signals to scroll character lines on said CRT dis 
play. 

13. A circuit for generating addressing signals, as 
de?ned in claim 12, wherein said means for adjusting 
said refresh memory addressing signals scrolls selected 
ones of said character lines on said CRT display. 

14. A cathode ray tube character display controller, 
comprising: 
means for dividing the screen of said cathode ray tube 

into character cells; and 
means responsive to said character cell dividing 
means for: 
(a) dividing the screen of said cathode ray tube into 

an image portion and a margin portion, both of 
which are divided into said character cells; 

(b) generating character addresses for said charac 
ter cells within said image portion; and 

(c) generating video control signals for said charac 
ter cells within said margin portion. 

15. A cathode ray tube character display controller, 
as de?ned in claim 14, wherein said means for dividing 
comprises a counter synchronized to the sweep rate of 
said cathode ray tube. 

16. A cathode ray tube character display controller, 
as de?ned in claim 15, wherein said means responsive to 
said character cell dividing means comprises a memory 
responsive to the output signals from said counter. 

17. A cathode ray tube character display controller, 
as de?ned in claim 16, wherein said memory comprises 
a read only memory. 

18. A cathode ray tube character display controller, 
as de?ned in claim 16, wherein said memory comprises 
a writable memory. 
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19. A cathode ray tube character display controller, 

as de?ned in claim 14, wherein said means for dividing 
the screen of said cathode ray tube comprises a horizon 
tal and a vertical counter, said vertical counter synchro 
nized to said horizontal counter. 

20. A cathode ray tube character display controller, 
as de?ned in claim 19, wherein said means responsive to 
said character cell dividing means comprises: 

a horizontal read only memory responsive to said 
horizontal counter; and 

a vertical memory responsive to said vertical counter. 
21. A cathode ray tube character display controller, 

as de?ned in claim 20, wherein said horizontal memory 
comprises a read only memory. 

22. A cathode ray tube character display controller, 
as de?ned in claim 20, wherein said vertical memory 
comprises a writable memory. 

23. A circuit for permitting ?exible scrolling of data 
on a cathode ray tube display, comprising: 

a counter for providing output count signals synchro— 
nized to the location of the cathode ray gun of said 
CRT display on the screen of said display; 

an addressable memory responsive to said count sig 
nals for generating signals de?ning the location of 
elements of said data on said display; and 

means for controlling said addressable memory to 
alter the response of said addressable memory to 
said count signals to permit a given one of said 
count signals, at different times, to selectively gen 
erate different ones of said signals de?ning loca 
tions. 

24. A circuit for permitting ?exible scrolling of data, 
as de?ned in claim 23, wherein said addressable mem 
ory comprises a read only memory storing plural data 
groups, each group generating signals de?ning the loca 
tion of elements of said data on said display in response 
to said count signals, the location of elements on said 
display differing from group to group. 

25. A circuit for permitting ?exible scrolling of data, 
as de?ned in claim 24, wherein said means for control 
ling said addressable memory comprises: 
means for generating offsetting base addresses for 

said read only memory, said means selecting one of 
said data groups for response to said count signals. 

26. A circuit for permitting ?exible scrolling of data, 
as defined in claim 23, wherein said addressable mem 
ory comprises a writable memory. 

27. A circuit for permitting ?exible scrolling of data, 
as de?ned in claim 26, wherein said means for control 
ling said addressable memory comprises an image logic 
network for writing data in said writable memory. 
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